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1. Introduction 
The unstable hemoglobins are a group of well 
defined hemoglobin variants associated clinically with 
haemolytic anaemia of varying severity. The nature 
of the amino acid substitutions reduces the stability 
of the hemoglobin molecule, resulting in precipitation 
within the red cell and formation of characteristic 
inclusions called ‘Heinz bodies’. Most of these hemo- 
globins involve amino acid substitutions either at 
sites neighboring the heme group of the fl polypeptide 
chain, or at the (Ye fll contact if the nature of the 
substitution weakens the bonds at the contact itself. 
This report describes a new unstable hemoglobin, 
which has been observed in a Spanish woman. This 
new variant which has been identified as /3 32 (B14) 
Leu + Arg, is an homologue of Hb Abraham-Lincoln 
[l], 0 32 (B14) Leu + Pro an unstable variant. This 
instability arises from the substitution of a proline 
for a leucine residue, which produces a disruption of 
the normal orientation of the adjacent leucine residue 
at 0 3 1 and impairs heme stabilization. 
2. Materials and methods 
Routine hematological examinations and enzyme 
assays were performed by standard methods [2] on 
fresh blood specimens. Hemolysates were prepared 
according to Drabkin [3]. Tests for heat stability, 
isopropanol solubility, and dissociation resulting from 
the reaction of hemoglobin with PHMB (p-hydroxy 
mercuribenzoate) were carried out as previously 
described [4]. Standard methods were employed for 
hemoglobin electrophoresis [5]. The abnormal 0 chain 
of the unstable hemoglobin variant was isolated by 
PHMB treatment [4]. Chains were separated by elec- 
trophoresis or by carboxy methyl cellulose (CM cellu- 
lose) chromatography in 8 M urea buffer [6]. Tryptic 
peptides were isolated by analytical and preparative 
finger prints on thin layer silica gel plates (Schleicher 
and Schiill) according to Braconnier [7], and their 
amino acid composition established on a Jeol JLC 5 
AH amino acid analyser. 
3. Results 
3. I. Case report 
This patient is a 25 year old woman who was first 
investigated at the age of 3 years as a result of recurrent 
attacks of severe jaundice associated with pallor. 
A splenectomy was performed when she was 4 years 
old. She has since had a variable degree of jaundice 
and anemia accompanied by dark urine. The manifes- 
tations have worsened strikingly with infections. 
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Neither parent of the propositus had been known 
to have anemia or jaundice. Blood samples from the 
parents showed normal hematological findings and 
neither showed evidence of anemia, erythrocyte inclu- 
sion body formation, or a heat-unstable hemoglobin 
fraction. The first child of the propositus is also normal. 
3.2. Hematological studies 
A blood sample from the patient showed these hema- 
tological values: hemoglobin: 9.6 g/100 ml, MCV: 110 
pm3, MCH: 34 pg, MCHC : 33%. The blood film showed 
anemia and moderate degrees of anisocytosis, and 
polychromasia. Her reticulocyte count was elevated. 
An osmotic study showed the fragility of her erythro- 
cytes to be slightly diminished. All the erythrocyte 
enzymes activities were increased which is consistent 
with the elevated reticulocyte count. The percentage 
of methemoglobin was normal in fresh blood samples. 
Heinz bodies were seen in many cells and treatment 
with phenyl-hydrazine resulted in Heinz bodies being 
present in almost all. Other laboratory data included 
a serum iron of 109 pg/lOO ml, an iron binding capac- 
ity of 472 pg/lOO ml. 
3.3. Structural studies 
Electrophoresis of freshly-prepared hemolysates 
on cellulose acetate strips in Tris-EDTA-borate 
buffer at pH 8.6 demonstrated a band of hemoglobin 
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patient’s blood hemolysate (b) and of a normal hemolysate 
(a) in a Tris-EDTA-borate discontinuous buffer, pH 8.9. 
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Fig.2. Electrophoresis on cellulose acetate strips of PHMB 
precipitated globin from the patient’s hemolysate after 4 h of 
incubation in a discontinuous 6.0 M urea buffer, pH 7.0 (b). 
Control Hb A (a). 
(22%) migrating more slowly than the major hemoglo- 
bin fraction which corresponded to hemoglobin A. 
The Hb A* level was normal (3.5%). Free o-chains 
formed a faint band near the origin (fig. 1). When the 
hemolysate was heated at 50°C a flocculent precipitate 
appeared which demonstrated heat lability of the 
hemoglobin. Instability was also demonstrated by 
isopropanol solubility test, since all the Hb Castilla 
was precipitated before 6 min. 
Fig.2 illustrates the results of the isolation of the 
p chain from the precipitate which resulted from the 
treatment of total hemolysate with PHMB after 4 h 
of incubation. The material consisted mainly of /3 
chains which migrate more slowly than normal 0 
chains, together with small amounts of normal /3 and 
cy chains. This abnormal /3 chain was isolated by CM- 
cellulose (CM.52) column chromatography in 8 M urea 
buffer and converted into the aminoethylated derivative. 
Fig.3 shows the finger print of the tryptic digest 
of the aminoethylated p chain from Hb Castilla. All 
of the expected peptides were present with the excep- 
tion of the peptide t3 T4 which was missing. However 
2 new peptides, :+ and@, were present. One of 
them: peptide 
8 
a stained only for arginine. The other, 
peptide@ained for tyrosine, tryptophan and ar- 
ginine. The two abnormal peptides were eluted from 
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Fig.3. Map of the tryptic peptides of the aminoethylat- 
ed and trypsin-digested p chains from Hb Castilla. Electropho- 
resis was carried out at pH 6.4 for 2 h and followed by 
ascending chromatography. The dotted circle indicates the 
position occupied by normal p T4. The arrows show the 
positions of the two supplementary peptides: @ p T4a and 
@ pT4b. 
the preparative finger print with 6 N HCl and hydro- 
lysed for 22 h at 110°C. Their amino acid composi- 
tions were determined on an automatic amino acid 
analyser (Jeol JLC 5 AH). Table 1 shows the amino 
acid contents of the two extra peptides@and@. 
These results indicate that in this variant the leucine 
residue 32 of the P chain has been replaced by an ar- 
ginine. After tryptic digestion the arginyl peptide bond 
was cleaved, splitting the peptide 0 T4 into two new 
peptides, p T4a; Leu-Arg and ~!3 T4b; Val-Val-Tyr- 
Pro-Try-Thr-Gln-Arg. 
4. Discussion 
The hemoglobin abnormality identified in this pa- 
tient is one of a number of variant Hb that produce 
hemolytic anaemia accompanied by the formation of 
inclusion bodies in the erythrocytes. All the amino 
acid substitutions found in the unstable hemoglobins 
have involved residues in the interior of the molecule. 
Some substitutions occur either at an (Y /3 contact 
point, or are characterized by disturbances affecting 
the binding of heme to the globin chains. In another 
group of unstable Hb, the substitution of a polar 
amino acid for a non polar residue results also in 
molecular instability. 
In the new variant described in this paper, the 
substitution of an arginine for a leucine at 032 intro- 
duces a polar amino acid instead an apolar one in an 
internal position. This almost certainly explains the 
great instability of the molecule, since the B helix of 
the /l subunits is distorted. This residue is apparently 
not in close contact with the heme group but distortion 
Table 1 
The amino acid composition of peptides p T4a and p T4b from p Castilla chain. 
The composition of normal p T4 is shown for comparison. Hydrolysis was 
carried out in vacua with 6 M HCI, 0.009% phenol, 1 lO”C, 22 h. 
- ____ 
p T4 (0 31-32) 0 T4b @ 33-40) Normal (3 T4 (0 3 l-4’) 
Residue Molar ratio Molar ratio Expected 
molar radio 
Arginine 
Threonine 
Glutamic acid 
Broline 
Valine 
Leucine 
Tyrosine 
Tryptophan 
0.95 
0.70b 
0.90 
1.04 
1.12 
1.25 
1.70* 
0 
0.81 
ac 
a After 72 h hydrolysis 
b N terminal residue can be extensively destroyed by ninhydrin 
’ Tryptophan detected on peptide maps by staining with Ehrlich reagent. 
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of the B helix could readily affect the heme contact 
with p 31 leucine and the CY, /3, contact with ,5 33 
valine, p 34 valine and p 35 tyrosine. 
Two variants, homologues of Hb Castilla, were 
described in which the leucine fi 32 (B14) is replaced 
by a proline: Hb Perth [8] and Hb Abraham-Lincoln 
[l] The replacement of an amino acid residue by a 
prolyl residue usually causes instability when the 
substitution occurs beyond the first three amino acid 
residues of an helical segment. The substitution in 
these cases occurs at the B14 position of the B helix 
and results in a redirection of the carboxy terminal 
part of this helix. This redirection disturbs contacts 
involving some amino acid residues of the B helix and 
causes instability of these variants. 
The new variant described in this paper affords 
new evidence for the importance of the B helix in the 
stability of the 0 chain. Thus variants in B5 Hb 
Freiburg [9], B6 Hb Riverdale Bronx [lo] and 
Savannah [ 111, BlO Hb St Louis [12] and Hb Genova 
[ 131 , B12 Hb Tacoma [ 141 are very unstable hemo- 
globins. 
Further studies will be necessary in order to deter- 
mine the functional implication of the substitution. 
A more detailed study of this family is required in 
order to determine whether the substitution at /3 32 
(B14) Leu -+ Arg is a unique mutation. 
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